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Abstract 

This paper analyses the long-run behaviour of the US and UK unemployment rates by 
testing for possibly fractional orders of integration and multiple shifts using a sample of over 
100 annual observations. The results show that the orders of integration are higher than 0 in 
both series, which implies long memory. If we assume that the underlying disturbances are 
white noise, the values are higher than 0.5, i.e., nonstationary. However, if the disturbances 
are autocorrelated, the orders of integration are in the interval (0, 0.5), implying stationarity 
and mean-reverting behaviour. Moreover, when multiple shifts are taken into account, 
unemployment is more persistent in the US than in the UK, implying the need for stronger 
policy action in the former to bring unemployment back to its original level. 
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1. Introduction 

The stationary or nonstationary nature of the unemployment rate has been the study of 

numerous papers in recent years. On the one hand, the hysteresis approach to unemployment 

suggests that unemployment is a nonstationary highly persistent variable, since fluctuations 

in the natural rate of unemployment (the NAIRU) are permanent. The standard econometric 

approach for modelling this type of behaviour relies on a unit root specification. On the 

other hand, the rejection of the unit root hypothesis supports reversion to a natural rate. The 

slow reversion often found is normally referred to as hysteresis. Blanchard and Summers 

(1986, 1987) define it as: "a case where the degree of dependence is very high, where the 

sum of coefficients is close but not necessarily equal to one". This high persistence of 

shocks is a feature, among others, of “insider” models (see Lindbeck and Snower, 1988), or 

of models in which fixed and sunk costs make current unemployment a function of past 

labour demand (see Cross, 1994, 1995). In “structuralist” models (see Phelps, 1994) the 

natural rate is “endogenised”: as in NAIRU models, unemployment is viewed as having an 

equilibrium level to which it generally reverts when hit by shocks, but it is also thought to be 

subject to infrequent structural breaks, resulting from changes in economic fundamentals, 

which affect the equilibrium itself. Hence the unemployment series should be stationary (or, 

more generally, mean-reverting) provided one allows for breaks.  

The standard approach which uses classical unit root tests (e.g. Dickey and Fuller, 

ADF, 1979; Phillips and Perron, PP, 1988; Kwiatkowski et al., KPSS, 1992; or some of their 

recent developments, i.e., Elliot et al., 1996; Ng and Perron, 2001, etc.) for testing the above 

theories of unemployment has two important limitations. First, it only considers integer 

values for the orders of integration (1 in the case of unit roots, and 0 for stationarity), but it 

does not allow for fractional alternatives, where the fractional parameter d can take any 
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value in the interval [0, 1] or even above 1. Besides, these methods do not allow the rate to 

which reversion occurs (the natural rate) to shift, and are therefore inadequate to describe the 

pattern observed in unemployment rates. Note that under hysteresis (or persistence – see, 

e.g., Blanchard and Summers, 1986, 1987 and Cross, 1987) the order of integration (denoted 

by d) should be equal to or at least close to 1, implying that the effects of the shocks are 

permanent (if d = 1) or at least highly persistent (if d < 1 though close to 1), whilst 

infrequent breaks would give support to the structuralist view (Phelps, 1994). On the other 

hand, a value of d close to 0 would favour NAIRU theories (see, e.g., Friedman, 1968). 

In this paper, we deal with the two above-mentioned problems (i.e., not considering 

fractional alternatives and/or mean shifts) by means of a procedure that enables us to 

consider both fractional orders of integration and multiple mean shifts. By using fractional 

orders of integration, we allow for a much richer degree of flexibility in the dynamic 

behaviour of the series. Thus, if the order of integration (denoted by d) is higher than 0 but 

smaller than 0.5, the series still will be covariance stationary, though the effects of shocks 

will take longer to disappear than in the case of d = 0. In the latter case, the series is said to 

be "short memory" and the effects will disappear fairly soon, according to an exponential 

decay, if, for example, the observations are autoregressive. On the other hand, if d > 0, the 

series is said to be "long memory" and the decay is hyperbolic. Also, if d belongs to the 

interval [0.5, 1], the series is no longer covariance stationary but is still mean reverting, with 

shocks disappearing in the very long run. Further, it is well known that standard procedures 

for nonstationary unit roots (ADF, PP, KPSS, etc.) have extremely low power if the 

alternatives are of a fractional form (Diebold and Rudebusch, 1991; Hassler and Wolters, 

1994; Lee and Schmidt, 1996, etc.).  
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The existence of different regime shifts in time series has been found in recent years 

to be crucial in the determination of the long-memory parameter (see, e.g., Diebold and 

Inoue, 2001, Gourieroux and Jasiak, 2001; Granger and Hyung, 2004; etc.), as overlooking 

breaks may lead to spurious findings of long memory. For instance, Lobato and Savin 

(1998) argue that structural breaks may be responsible for the long memory in return 

volatility processes, and Engle and Smith (1999) investigated the relationship between 

structural breaks and long memory using a simple model where the data generating process 

consists of a mean process and a stationary error. Other authors such as Diebold and Inoue 

(2001) and Granger and Hyung (2004) argue consider that structural breaks and long 

memory are highly related and that it is difficult to distinguish one from another. 

The testing procedure described in Section 2 enables us to consider unit and 

fractional orders of integration and has standard null and local limit distributions. This is a 

distinguishing feature of the tests compared with other methods for testing, such as unit root 

tests, where the limit distribution is non-standard, in the sense that critical values have to be 

calculated numerically in a case by case simulation study. Moreover, this standard limit 

distribution holds regardless of the inclusion or non-inclusion of deterministic components 

and thus is not affected by the inclusion of multiple mean shifts, as will be the case in the 

present study.  

We focus on the US and the UK in particular since several studies (e.g., 

Alogoskoufis and Manning, 1988) have found that US unemployment typically displays 

lower persistence than in European countries such as the UK. The latter is a particularly 

interesting case because of the mixed evidence on whether persistence has decreased or 

increased there since the early 1980s when labour market reforms (aimed at eliminating 

rigidities) were implemented by the Conservative government led at the time by Mrs. 
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Thatcher. Contrary to what one would expect, some authors, such as Blanchflower and 

Freeman (1994), have reported a slower transition from unemployment to employment in 

the Thatcher years. 

The outline of the paper is as follows: In Section 2 we briefly describe the procedure 

employed here. Section 3 applies this method to examine the orders of integration of the UK 

and US unemployment rates allowing for multiple shifts. Section 4 contains some 

concluding comments.  

 

2. The testing procedure 

We assume that yt is the time series we observe, and consider the model: 
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where zit = 1 I(t ∈ Ti) and Ti is a subsample of the time period examined, so that zit 

represents a mean shift in the time interval Ti. Also, we assume that xt in (1) is given by: 
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where d can be any real number, L is the lag operator (Lxt = xt-1) and ut is an I(0) process, 

defined, for the purposes of the present study, as a covariance stationary process with 

spectral density function that is positive and finite at the zero frequency. 
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in a model given by (1) and (2) for any given real value do. Specifically, the test statistic 
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with zt = (z1t, …, zkt)T and β = (β1, …, βk)T.  Based on Ho (3), Robinson (1994) established 

that under certain regularity conditions,1

        (5) .,ˆ 2
1 ∞→→ TasR d χ

Thus, we are in a classical large-sample testing situation and the conditions on ut in (2) are 

far more general than Gaussianity, with a moment condition of only order 2 required. 

Because  involves a ratio of quadratic forms, its exact null distribution can be calculated 

under Gaussianity via Imhof’s algorithm. However, a simple test is approximately valid 

under much wider distributional assumptions. Thus, an approximate one-sided test of H

R̂

o (3) 

against the alternative Ha: d > do (d < do) will reject Ho (3) if )ˆ(ˆ 2Rr =  > zα ( r̂  < -zα), 

where the probability that a standard normal variate exceeds zα is α. Robinson (1994) also 

showed that the test is efficient in the Pitman sense, i.e., that against local departures of 

form: Ha: d = do + δT-1/2, with δ ≠  0, r̂  has a normal limit distribution with variance 1 and 

mean that cannot be exceeded (when ut is Gaussian) in absolute value by any rival regular 

statistic. This version of the Robinson’s (1994) tests was used in empirical applications in 

Gil-Alana and Robinson (1997) and Gil-Alana (2000), and other versions of his tests based 

on seasonal (quarterly and monthly) and cyclical data can be found respectively in Gil-Alana 

and Robinson (2001) and Gil-Alana (1999, 2001). 

 

3. The US and UK unemployment rates 

The data used in this application are annual US unemployment rates from 1890 to 2001 and 

annual UK unemployment rates from 1885 to 2000. A complete discussion of the data can 

be found in Bianchi and Zoega (1996). Their data set ended in 1994 and has been updated 
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using IMF’s International Financial Statistics (IFS) data until 2000 for the UK and 2001 for 

the US (the two series are clearly stable in subsequent years). 

(Insert Figure 1 about here) 

 

 Plots of the two time series are displayed in Figure 1. To determine the number of 

shifts in their behaviour, we use the results of Hegwood (2004), who adopts the Bai and 

Perron's (1998) procedures to determine the number of breaks. These authors showed that, 

for stationary non-trending data, their methods provide consistent estimates of the true break 

dates.2 Using a GAUSS program (provided by Perron), Hegwood (2004) concludes that the 

UK unemployment series contains three breaks: a positive shift in 1918; a negative shift in 

1939, and a positive one in 1977. With respect to the US, she finds four shifts: negative in 

1905; positive in 1926; negative in 1942, and positive in 1973 (see again Figure 1). 

 Having taken these to be the mean shifts in the two series, we next perform the 

version of Robinson’s (1994) tests described in Section 2. We test Ho (3) in (1) and (2) with 

k = 3 for the UK, and k = 4 for the US, for values do = -1, -0.99, -0.98, … , 0, 0.01, 0.02, …, 

1.98, 1,99, 2,3 assuming first that ut in (2) is white noise and then also allowing for 

autocorrelated disturbances - in particular, we consider AR(1) and AR(2) processes. 

 

(Insert Table 1 about here) 

 

 Table 1 displays, for each country, the 95% confidence intervals of the values of do 

for which Ho (3) cannot be rejected, along with the value of do which produces the lowest 
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statistic in absolute value across d. These intervals were constructed as follows: We re-

computed the tests sequentially for do-values = -1, (0.01), 2, choosing the values of do for 

which Ho cannot be rejected at the 5% significance level. Thus, the value corresponding to 

the lowest statistic in absolute value (which is reported in the table in square brackets) will 

be an approximation to the maximum likelihood estimator.4 One can see that in all cases the 

values are higher for the US than for the UK, implying a higher degree of association 

between the observations in the former country. Also, these values substantially change 

depending on the modelling of the I(0) disturbances. Thus, if ut is white noise, the interval of 

the non-rejection values is [0.67, 1.19] for the UK, and slightly higher, [0.79, 1.30] for the 

US, and the unit root null hypothesis (i.e. d = 1) cannot be rejected in either of the two 

countries. Thus, according to this simple specification, the two series display hysteresis in 

their behaviour. However, a very different picture emerges if the disturbances are 

autocorrelated. In this case all the non-rejection values of d are smaller than 0.5, implying 

covariance stationarity and mean reversion. The values are again smaller for the UK than the 

US: for the former they range between 0 and 0.24, whilst for the US they lie between 0.02 

and 0.33. 

 

(Insert Table 2 about here) 

 

 Table 2 displays, for each series and each type of disturbances, the values of d with 

the lowest r̂ , the values of the test statistic, and estimates of the mean shifts and AR 

                                                                                                                                                      
2  Vogelsang (1997) develops similar methods for a single break, which allow for trending and nonstationary 
data. 
3 Thus, we allow for non-persistent (d < 0) behaviour (Mandelbrot, 1977). 
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parameters. The estimated orders of integration are, for the UK, 0.92, 0.09 and 0.11, 

respectively for the cases of white noise, AR(1) and AR(2) ut. For the US the corresponding 

values are 1.02 (white noise) and 0.18 for AR(1) and AR(2) disturbances in turn. Moving on 

to the coefficients of the mean shifts, the cases when the values were significant at the 5% 

level are reported in bold in Table 2. One can see that all of them are statistically significant, 

except the first (β1) for the UK with autocorrelated disturbances. The last column of Table 2 

reports some diagnostic tests carried out on the estimated residuals from each of the selected 

models. In particular, we perform tests of no serial correlation, homoscedasticity and 

functional form. Starting with the UK, we see that the only model to pass all the diagnostic 

tests is the one corresponding to the AR(1) case, which is, 

.u628.0u;ux)L1(;xz393.2z198.3z887.3z272.0y t1tttt
09.0

tt4t3t2t1t ε+==−++−+−= −  

 

(Insert Table 3 and Figure 2) 

 

For the US, the corresponding model is: 

.u199.0u789.0u;ux)L1(;xz735.3z945.2z601.6z027.0z632.3y t2t1tttt
18.0

tt5t4t3t2t1t ε+−==−+−−++= −−

 

Moreover, we performed Beran’s (1992) goodness-of-fit statistic on the selected model for 

each country, and evidence in favour of the two models was found. In view of this, we can 

conclude that both series are stationary, though with a component of long-memory 

behaviour. Table 3 displays, for each country, the first ten (and the 20th, 30th, 40th and 50th) 

impulse responses of the selected models, along with the responses corresponding to the 

                                                                                                                                                      
4 Note that Robinson’s (1994) method is based on the Whittle function, which is an approximation to the 
likelihood function. 

 9



case of white noise ut. As expected, these responses are extremely low for the latter case, 

and do not, in fact, decay for the US, where d is slightly higher than 1. However, using the 

selected models, the decay is faster, combining the hyperbolic and the exponential decay 

from the fractional and AR structures respectively. Even 10 periods after the initial shock, 

the value of the impulse response is still 4.9% in the case of the UK. For the US, the effect is 

even higher, the value of the impulse response being 12.6% after 10 periods. The lower 

degree of decay in the US can also be noted in Figure 2, which shows the first 50 responses 

in both countries. The values are higher in all cases for the US. The results for the UK might 

appear surprising, as it is generally thought that there have been more rigidities in the UK 

labour market compared to the US one, and therefore a higher degree of persistence (and 

thus hysteresis) should be expected in the UK (se, e.g., Alogoskoufis and Manning, 1988, or 

Anderton, 1998). What our analysis reveals is that in fact, once multiple shifts are taken into 

account, the evidence supporting hysteresis vanishes. This might suggest that labour market 

reforms aimed at eliminating imperfections and rigidities preventing or slowing down labour 

market adjustment and clearing might have been more successful than previously thought in 

the UK. By contrast, the results for the US are in line with earlier findings supporting lower 

persistence (see again Alogoskoufis and Manning, 1988) and possibly a NAIRU model. 

 

4. Conclusions 

In this paper we have examined the stochastic behaviour of UK and US unemployment rates 

using a method that enables us to test unit and fractional orders of integration in the presence 

of multiple shifts. For this purpose we have employed Robinson’s (1994) parametric 

procedure. Using this method, we can include deterministic trends in the model with no 

effect on its standard limit distribution. A limitation of this procedure is that one has to 
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determine a priori the time and type of break. We do this by using Bai and Perron’s (1988) 

method to determine the number of breaks. It is shown in Hegwood (2004) that UK 

unemployment contains three breaks: positive in 1918, negative in 1939, and positive in 

1977. For the US the same author finds four breaks, occurring at 1905, 1926, 1942 and 

1973. These breaks were then incorporated in the set-up of Robinson (1994) for testing the 

order of integration of the series.  

Our fractional integration framework is appropriate for both stationary processes 

(implied by NAIRU models – see, e.g. Friedman, 1968, and Phelps, 1967), and highly 

persistent/nonstationary ones (as in hysteresis models – see, e.g., Blanchard and Summers, 

1986, 1987, and Barro, 1988), and by incorporating structural breaks it can also be used to 

model processes exhibiting regime change (as in structuralist models – see, e.g., Phelps, 

1994). It can therefore shed some light on the empirical relevance of alternative 

unemployment models with different policy implications. Note, however, that the value of d 

by itself does not provide conclusive evidence in favour of any particular theory. For 

example, the NAIRU and the structuralist approach (with breaks) assume the existence of an 

equilibrium level to which the series converges, implicitly assuming that unemployment is 

mean-reverting (d < 1). Persistence of unemployment under the hysteresis hypothesis, 

though, can also be consistent with values of d smaller than though close to 1, with the effect 

of the shocks disappearing in the very long run. 

The results can be summarised as follows: if the underlying disturbances are white 

noise, the order of integration in both series is close to the unit root: 0.92 for the UK, and 

1.02 for the US. However, if one allows for weak autocorrelation, the values are much 

smaller, around 0.10 for the UK and 0.18 for the US. These lower values, when AR 

disturbances are considered, may be explained by the competition between the AR 
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parameters and the fractional differencing parameter in describing the degree of association 

between the observations. A crucial point is then to determine whether the series are 

autocorrelated or not. Several diagnostic tests carried out on the residual in the estimated 

models, along with Beran’s (1992) goodness-of-fit statistic, suggest that UK unemployment 

can be described well as an I(d) process, with d = 0.09 and AR(1) ut. For the US, the order 

of integration seems to be slightly higher (d = 0.18), with an AR(2) structure for the 

disturbances. In conclusion, both series are stationary and mean-reverting, with the effects of 

the shocks dying away in the long run – even in the UK, for which it is generally thought 

that a hysteresis, rather than a NAIRU model is appropriate (unlike the US, where evidence 

for the latter is generally found).  Our analysis points to a lower degree of persistence in the 

UK, suggesting that taking into account mean shifts provides stronger evidence that NAIRU 

models might be appropriate for both countries. Consequently, it appears that labour market 

reforms (more successful than previously thought even in the case of the UK) are the key to 

reducing unemployment. Further, the fact that the adjustment process is faster in the UK 

implies that more decisive policy actions are required in the US to bring unemployment back 

to its original level.  

Another issue of interest is the dating of the breaks. For this purpose a procedure 

recently developed by Gil-Alana (2008) could be used; this enables one to determine the 

break dates endogenously in the context of fractional integration. A final issue is to establish 

whether the chosen model (based on fractional integration with multiple shifts) predicts 

better than other standard approaches based on integer 0/1 differentiation with or without 

structural breaks. This will be examined in future papers. 
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TABLE 1 

95% confidence intervals of the non-rejection values of do

Ut / Country U.K. U.S. 

White noise [0.67  (0.92)  1.19] [0.79  (1.02)  1.30] 

AR (1) [0.00   (0.09)  0.22] [0.05  (0.18)  0.31] 

AR (2) [0.03  (0.11)  0.24] [0.02  (0.18)  0.33] 

 

 

TABLE 2 

Estimated values of the selected models in Table 1 

Country ut *
od  r̂  β1 β2 β3 β4 β5 Φ1 Φ2 Diagnostics 

W.N. 0.92 -0.0236 3.6351 4.0479 0.1938 0.5619 --- --- --- A 

AR(1) 0.09 -0.0159 -0.2729 3.8879 -3.1981 2.3934 --- 0.628 --- A, B, C UK 

AR(2) 0.11 -0.0273 -0.1417 3.8538 -3.2536 2.1930 --- 0.387 0.368 A 

W.N. 1.02 -0.0165 3.9122 2.7868 1.3071 -3.7752 -4.5425 --- --- A 

AR(1) 0.18 -0.0195 3.5375 -0.0875 6.6068 -2.9345 -3.7264 0.663 --- A US 

AR(2) 0.18 -0.0271 3.6325 0.0272 6.6010 -2.9450 -3.7353 0.789 -0.199 A, B, C 

In bold the coefficients which are significant at the 5% level; A stands for homoscedasticity and B for no serial 
correlation, whilst C for a functional form test. 
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TABLE 3 

Impulse response functions of the selected models 

 U.K. U.S 

 W.N. AR(1) W.N. AR(2) 

0 1.000 1.000 1.000 1.000 

1 .920 .718 1.019 .842 

2 .883 .499 1.030 .665 

3 .859 .348 1.037 .518 

4 .842 .245 1.042 .404 

5 .828 .175 1.046 .319 

6 .817 .128 1.049 .256 

7 .808 .096 1.052 .208 

8 .800 .074 1.055 .173 

9 .793 .059 1.057 .147 

10 .787 .049 1.060 .126 

20 .745 .018 1.074 .055 

30 .722 .012 1.082 .037 

40 .706 .009 1.088 .029 

50 .693 .007 1.093 .024 
 

 

FIGURE 2 

Impulse response functions for the UK and the US unemployment rates 
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